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We present a study of the flavor changing decays φ → tc of the CP -even and CP -odd scalar
Flavons HF and AF at the High Luminosity Large Hadron Collider (HL-LHC) in the framework
of an extension of the standard model that incorporates an extra complex singlet and invokes the
Froggatt-Nielsen mechanism with an Abelian flavor symmetry. A Monte Carlo analysis of the signal
and the standard model background is presented for a center-of-mass energy of
√
s = 14 TeV and
integrated luminosities in the 300-3000 fb−1 interval. Constraints on the parameter space of the
model from the Higgs boson coupling modifiers κi are obtained and used to evaluate the Flavon
decay widths and the gg → φ→ tc production cross section. We analyze the dominant background
by considering realistic acceptance cuts, tagging and misstagging efficiencies, etc. It is found that
with the current integrated luminosity achieved at the LHC, the AF → tc decay is out of the
reach of detection. However, in the HL-LHC, such a decay could be at the reach of detection for
mAF = 200− 500 GeV once an integrated luminosity of about 1000 fb−1 is achieved. On the other
hand, since the branching ratio of the HF → tc decay is suppressed by two orders of magnitude as
compared to that of the AF → tc decay, it seems to be out of the reach of detection even in the
HL-LHC.
PACS numbers: Valid PACS appear here
I. INTRODUCTION
It is well known that the standard model (SM) has been successful in predicting results that have been experimentally
tested to a high accuracy, culminating with the recent discovery of a new scalar boson compatible with the SM Higgs
boson [2, 19, 30]. However, despite its success, some issues remain unexplained by the SM: the lack of a dark matter
candidate, the hierarchy problem, unification, the flavor problem etc. This encourages the study of SM extensions.
In the framework of the SM there are no tree-level flavor changing neutral currents (FCNCs), which are, however,
predicted by several SM extensions, being mediated by the Higgs boson or other new scalar or vector boson particles
[8]. In the context of these models, it is worth studying any signal that could give clues for new physics (NP), such
as the widely studied process φ → τµ, with φ a CP -even or CP -odd scalar boson [8–10, 18, 20, 25, 31, 34, 35, 37].
FCNC signals can also arise from the top quark decays t→ cX (X = φ, γ, g, Z,H) [22, 23, 26, 33], and from the less
studied decay of a new heavy scalar boson into a top-charm quark pair [3], which could be searched for at the LHC
and the future high luminosity LHC (HL-LHC). The latter aims to increase the LHC potential capacity by reaching a
luminosity up to L = 3000 fb−1 around 2035 [6]. The search for FCNC processes also have good prospects at a future
100 TeV hadron collider [7]. In this work we present a study of the φ→ tc decay in a SM extension that incorporates a
complex singlet SF via the Froggatt-Nielsen (FN) mechanism, which assumes that above some scale MF a symmetry
(perhaps of Abelian type U(1)F ) forbids the Yukawa couplings, with the SM fermions charged under this symmetry.
However, the Yukawa couplings can arise through non-renormalizable operators. The scalar spectrum of this model
includes both a CP -even Flavon HF and a CP -odd Flavon AF . The former can mix with the SM Higgs boson when
the flavor scale is of the order of a few TeVs. Quite recently, the study of Flavon phenomenology at particle colliders
have attracted considerable attention [12, 14, 15, 24, 32]. Our study not only could serve as a strategy for the Flavon
search, but it can also be helpful to assess the order of magnitude of flavor violation mediated by this particles, which
is an indisputable signature of physics beyond the SM.
The organization of this paper is as follows: in Sec. II we describe the most relevant theoretical aspects of the
Froggatt-Nielsen singlet model (FNSM), which are necessary for our study. In Sec. III we obtain the constraints on
the model parameters from the most recent contraints on the Higgs boson coupling modifiers κi [38]. In addition, we
include the current bounds on Br(t→ ch) in order to constraint the gφtc coupling. Sec. IV is devoted to the study of
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2our signal and the potential background as well as the strategy used to search for the φ→ tc decay at the HL-LHC.
Finally the conclusion are presented in Section V.
II. THE FROGGATT-NIELSEN COMPLEX SINGLET MODEL
We now focus on some relevant theoretical aspects of the FNSM. In Ref [16] a comprehensive analysis of the Higgs
potential is presented, along with constraints on the parameter space from the constraints on the Higgs boson signal
strengths and the oblique parameters, including a few benchmark scenarios. Also, the authors of Ref. [11] report a
study of the lepton flavor violating (LFV) Higgs boson decay h → `i`j in the scenario where there is CP violation
induced by a complex phase in the vacuum expectation value (VEV) of the complex singlet.
A. The scalar sector
In addition to the SM-like Higgs doublet, Φ, a FN complex singlet SF is introduced. They are given by
Φ =
(
G+
1√
2
(
v + φ0 + iGz
) ) , (1)
SF =
1√
2
(u+ s+ ip), (2)
where v is the SM VEV and u is that of the FN complex singlet, whereas G+ and Gz are identified with the pseudo-
Goldstone bosons that become the longitudinal modes of the W and Z gauge bosons.
We consider a scalar potential that respects a global U(1) symmetry, with the Higgs doublet and the singlet
transforming as Φ → Φ and SF → eiθSF . In general, such a scalar potential admits a complex VEV, namely,
〈SF 〉0 = ue−iα, but in this work we consider the special case in which the Higgs potential is CP conserving, i.e. we
consider the limit with vanishing phase. Such a CP -conserving Higgs potential is given by:
V = −1
2
m21Φ
†Φ− 1
2
m2s1S
∗
FSF −
1
2
m2s2
(
S∗2F + S
2
F
)
+
1
2
λ1
(
Φ†Φ
)2
+ λs (S
∗
FSF )
2
+ λ11
(
Φ†Φ
)
(S∗FSF ) , (3)
where m2s2 stands for a U(1)-soft-breaking term, which is necessary to avoid the presence of a massless Goldstone
boson, as will be evident below. Once the minimization conditions are applied, the following relations are obtained:
m21 = v
2λ1 + u
2λ11, (4)
m2s1 = −2m2s2 + 2u2λs + v2λ11. (5)
In this CP -conserving potential, the real and imaginary parts of the mass matrix do not mix. Thus, the mass
matrix for the real components can be written in the (φ0, s) basis as
M2S =
(
λ1v
2 λ11uv
λ11uv 2λsu
2
)
. (6)
The corresponding mass eigenstates are obtained via the standard 2× 2 rotation
φ0 = cos αh+ sin αHF , (7)
s = − sin αh+ cos αHF , (8)
with α a mixing angle. Here h is identified with the SM-like Higgs boson, with mass mh=125 GeV, whereas the mass
eigenstate HF is the CP -even Flavon.
As for the mass matrix of the imaginary parts, it is already diagonal in the (Gz, p) basis:
M2P =
(
0 0
0 2m2s2
)
, (9)
where the physical mass eigenstate AF = p is the CP -odd Flavon. Both HF and AF are considered to be heavier
than h.
3TABLE I: Couplings of the SM-like Higgs boson h and the Flavons HF and AF to fermion pairs and gauge boson pairs in the
FNSM. Here rs = v/
√
2u.
Vertex (φXX) Coupling constant (gφXX)
hfif¯j
cα
v
M˜fij − sαrsZ˜fij
HF fif¯j
sα
v
M˜fij + cαrsZ˜
f
ij
AF fif¯j irsZ˜
f
ij
hZZ gmZ
cW
cosα
hWW gmW cosα
HFZZ
gmZ
cW
sinα
HFWW gmW sinα
B. Yukawa sector
The model, in addition to the new complex scalar singlet, also invokes the FN mechanism [28]. The effective FN
U(1)F -invariant Lagrangian can be written as:
LY = ρdij
(
SF
ΛF
)qdij
Q¯idjΦ˜ + ρ
u
ij
(
SF
ΛF
)quij
Q¯iujΦ
+ ρ`ij
(
SF
ΛF
)qlij
L¯iljΦ + H.c., (10)
which includes terms that become the Yukawa couplings once the U(1) flavor simmetry is spontaneously broken. Here
qfij (f = u, d, `) are the combination of Abelian charges that reproduce the fermion masses.
We now write the neutral component of the Higgs field in the unitary gauge and use the first order expansion
S
kij
F =
(
u+ s+ ip√
2
)kij
'
(
u√
2
)kij [
1 + kij
(
s+ ip
u
)]
, (11)
which leads to the following fermion couplings after replacing the mass eigenstates in LY :
LY = 1
v
[U¯MuU + D¯MdD + L¯M `L](cαh+ sαHF )
+
v√
2u
[U¯iZ˜
uUj + D¯iZ˜
dDj + L¯iZ˜
`Lj ]
× (−sαh+ cαHF + iAF ) + H.c., (12)
where sα ≡ sinα, cα ≡ cosα, Mfij = v√2Y
f
ij , and Z
f
ij = kijY
f
ij . In addition to the Yukawa couplings, we also need the
φV V (V = W, Z) couplings for our calculation, which can be extracted from the kinetic terms of the Higgs doublet
and the complex singlet. In Table I we show the coupling constants for the interactions of the SM-like Higgs boson
and the Flavons to fermions and gauge bosons.
III. CONSTRAINTS ON THE FNSM PARAMETER SPACE
To evaluate the decay widths and production cross sections of the Flavons HF and AF via gluon fusion, we need
the bounds on the parameter space of our model, for which we use the most up-to-date constraints on the Higgs boson
data reported by the CMS collaboration [38]. The free parameters involved in our calculations are the following:
• The mixing angle cα.
• The VEV of the FN complex singlet u.
• The matrix element Z˜tc.
4• The Flavon masses mHF and mAF .
It turn out that these parameters can be constrained via the Higgs boson coupling modifiers κi [38], which are
defined for a given Higgs boson production mode j → h or decay channel h→ j as
κ2j = σj/σ
SM
j or κ
2
j = Γj/Γ
SM
j , (13)
where σSMj (Γ
SM
j ) stands for the pure SM contributions, whereas σj (Γj) includes new physics contributions. This
parametrization allows us to constrain the following FNSM parameters Z˜fij , u, cα, as well as the Flavon masses mHF
and mAF . We show in Table II the best fit values of the Higgs boson coupling modifiers κj obtained by combining
the measurements of Higgs boson couplings in proton-proton collisions at
√
s=13 TeV [38].
TABLE II: Best fit values and ±1σ uncertainties of the Higgs boson coupling modifiers κj [38].
Parameter Best fit value
κW 1.10
+0.12
−0.17
κZ 0.99
+0.11
−0.12
κt 1.11
+0.12
−0.10
|κb| 1.10+0.33−0.23
κτ 1.01
+0.16
−0.20
κµ 0.79
+0.58
−0.79
1. Constraint on the mixing angle cα
We first constrain the mixing angle cα via the κZ and κW coupling modifiers, which are shown in Fig. 1 as a function
of cα. We also include the regions allowed by the experimental constraints at one and two standard deviations σ. We
observe that κW yields the most stringent constraint cα ≥ 0.95 at one σ, but at two σs both κZ and κW give the less
stringent constraint cα ≥ 0.8
κZ
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FIG. 1: κZ and κW coupling modifiers as a function of cα in the FNSM. The dark areas correspond to the regions allowed by
the experimental constraints at one σ and two σs.
2. Constraint on Z˜bb and Z˜tt
To calculate the Flavon production cross section via gluon fusion we need the Z˜qq (q = b, t) matrix elements as
well as the VEV u. We use the κt and κb coupling modifiers to constrain these parameters for two cα values, namely,
cα = 0.9, which favors FCNC effects mediated by the SM-like Higgs boson, and cα = 0.99, which favors FCNC effects
mediated by the CP -even Flavon HF , but yields suppressed FCNCs effects mediated by the SM-like Higgs boson. In
Fig. 2 we show the allowed region at 95 % C.L. by the experimental constraints on κt and κb in the u vs Z˜qq planes.
We observe that the upper allowed values of the matrix elements Z˜qq increase as u increases, which is expected since
the corrections from the FNSM to the Higgs boson couplings ghqq behave as ∼ Z˜qq/u.
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FIG. 2: Allowed areas at 95 % C.L. in the u vs Z˜qq (q = b, t) plane for two values of cα.
In our analysis we assume a scenario in which cα = 0.99, but we must be careful to avoid dangerous corrections to
the couplings of the SM Higgs boson, so we use the values Z˜bb = 0.01 and Z˜tt = 0.4, which yield corrections of the
order of O(2%) to the SM couplings ghbb and ghtt.
3. Constraint on Z˜tc
So far, we only have considered the bound on the diagonal couplings to the heavy quarks. However, we need a
bound on the Z˜tc matrix element in order to evaluate the φ → tc decay. To our knowledge, there are no process
from which we can extract a stringent bound on Z˜tc, but we can assess its order of magnitude by considering the
upper limits Br(t→ ch) < 0.16 % [1] and Br(t→ ch) < 0.47 % [39] reported by the ATLAS and CMS collaborations,
respectively. We also consider the bound obtained in Ref. [36] by extrapolating the number of events for the signal
and background from 36.1 fb−1 to 3000 fb−1, assuming that the experimental details and analysis remain unchanged.
Such an expected upper limit is given by Br(t → tc) < 0.00769 %. In Fig. 3 we show the areas allowed in the u vs
Z˜tc plane by the upper limit on Br(t→ tc) obtained by the ATLAS collaboration and the expected limit of Ref. [36]
for cα=0.99, and 0.95.
In our analysis we assume the scenario with cα = 0.99, namely, suppressed FCNCs mediated by the SM-like Higgs
boson. Under this assumption we consider the following two scenarios for Z˜tc:
(a) Conservative scenario: Z˜tc = 0.3 and u = 1 TeV.
(b) Optimistic scenario: Z˜tc = 1 and u = 2 TeV.
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FIG. 3: Allowed area in the u-Z˜tc plane from the upper bound on Br(t→ tc) obtained by the ATLAS collaboration [1] and the
extrapolation bound of Ref. [36] for two values of cα.
TABLE III: Values for the model parameters considered in our Monte Carlo simulation.
Parameter Value
cα 0.99
u (TeV) 1, 2
Z˜tt 0.4
Z˜bb 0.01
Z˜tc 0.3, 1
Z˜ττ 0.02 [9]
Z˜µµ 10
−4 [9]
Z˜τµ 0.01 [9]
mAF (TeV) 0.2− 1
mHF (TeV) 0.2− 1
As for the bounds on the Z˜`` matrix elements, we use those obtained in Ref. [9]. We summarize in Table III the
values of the FNSM parameters used in our calculation.
IV. SEARCH FOR φ→ tc DECAYS AT THE HL-LHC
A. Flavon decays
We now present the behavior of the branching ratios of the main Flavon decay channels, which were obtained
via our own code that implements the analytical expressions for the corresponding decay widths [9]. A cross-check
was done by comparing our results with those obtained via CalcHEP, in which we implemented the corresponding
Feynman rules via the LanHEP package. In Fig. 4 we show the branching ratios of the decays of the CP -odd Flavon
as functions of mAF for the parameter values of Table III, in the scenario with u = 1 TeV and Z˜tc = 0.3. As the
CP -odd Flavon does not couple to gauge bosons at the tree-level, its dominant decay modes are AF → tt, AF → tc,
and AF → bb, with a branching ratio at the O(0.1) level, whereas the branching ratio for the decay AH → τµ is
one order of magnitude below. Other decay channels such as AF → γγ, AF → Zγ and AF → µµ are considerably
suppressed.
As far as the CP -even Flavon is concerned, the branching ratios for its main decay channels are presented in Fig.
5 for the same parameter values used for the CP -odd Higgs Flavon decays. We observe that the dominant HF decay
channels are HF →WW and HF → ZZ, whereas the subdominant decay channels are HF → tt and HF → tc, whose
branching ratios can be of the order of O(10−2− 10−3) once they are kinematically allowed. Other decay modes such
as HF → bb, HF → τµ, HF → γγ and HF → gg have branching ratios ranging from 10−6 to 10−4, whereas the decays
HF → Zγ and HF → µµ are very suppressed.
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FIG. 4: Branching ratios of the two-body decay modes of a CP -odd flavon as a functions of its mass for the parameter values
of Table III, in the scenario with u = 1 TeV and Z˜tc = 0.3.
200 400 600 800 1000
10 -8
10 -6
10 -4
10 -2
1
m HF [GeV ]
B
R
(H F→
X
X
) HF→WW
HF→ZZ
HF→tt
HF→bb
HF→ττ
HF→μμ
(a)
200 400 600 800 1000
10 -8
10 -6
10 -4
10 -2
1
m HF [GeV ]
B
R
(H F→
X
X
) HF→tc
HF→τμ
HF→γγ
HF→gg
HF→Zγ
(b)
FIG. 5: Branching ratios of the two-body decay modes of a CP -even flavon as a function of its mass for the parameter values
of Table III, in the scenario with u = 1 TeV and Z˜tc = 0.3.
B. Production cross sections
We now present a Monte Carlo analysis for the production of both the CP -even and the CP -odd Flavons at the
LHC via gluon fusion gg → φ (φ = HF , AF ), followed by the FCNC decay φ → tc. We apply realistic kinematic
cuts and consider tagging and misstagging efficiencies. We then obtain the statistical significance, which could be
experimentally confirmed. A similar study of the φ→ τµ decay within the same theoretical framework can be found
in [9].
We first present in Fig. 6 the σ(pp→ φ→ tc) (φ = HF , AF ) cross sections with no cuts, for which we use CalcHEP
with the CT10 parton distribution functions [29]. The number of events for an integrated luminosity of L = 300 fb−1
are shown in the right axis of each plot. We note that for a CP -odd Flavon with a mass of about 350 GeV, there
would be about 3 × 105 signal events at the LHC, which would decrease to about 2 × 105 for a CP -even Flavon.
When mφ increases up to 1000 GeV, there would be only about 1000 AF → tc events and about 400 HF → tc events.
We thus only consider the case of the CP -odd Flavon in the following as the detection of the CP -even Flavon decay
HF → tc seems to be troublesome even at the HL-LHC.
1. Kinematic cuts
We now turn to the Monte Carlo simulation, for which we use Madgraph [4], with the corresponding Feynman rules
generated via LanHEP. The signal events were generated at LO in QCD and the signal events at NLO with the aid
of MadGraph5 and MadGraph5 aMC@NLO [5], respectively, interfaced with Pythia 6 [40].
The signal and the main background events, generated at
√
s = 14 TeV with integrated luminosities in the L =
300− 3000 fb−1 interval, are as follows:
• SIGNAL: The signal is gg → AF → tc → b`ν`c with ` = e, µ. We generated 105 events scanning over
mAF ∈ [200, 1000] TeV and considered the parameter values of Table III.
• BACKGROUND: The dominant SM background arises from the final states Wjj + Wbb¯, tb + tj and tt¯,
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FIG. 6: pp → φ → tc cross section as a function of the Flavon mass at √s=14 TeV. On the right axes we show the event
numbers with an integrated luminosity of L = 3000 fb−1. We consider the parameter values of Table III, in the scenario with
u = 1 TeV and Z˜tc = 0.3.
in which either one of the two leptons is missed in the semi-leptonic top quark decays or two of the four jets
are missed when one of the top quarks decays semi-leptonically. We generated 105 events for each background
process at NLO in QCD.
The kinematic cuts imposed to study a possible evidence of the φ→ tc at the HL-LHC are as follows.
• We requiere two jets with |ηj | < 2.5 and pjT > 30 GeV, one them is tagged as a b-jet.
• We require one isolated lepton (e orµ) with |η`| < 2.5 and p`T > 20 GeV.
• Since a neutrino is included in the final state, we consider 40 GeV of missing transverse energy /ET .
The kinematic analysis was done via MadAnalysis5 and for detector simulations we use Delphes [27]. As far as the
jet reconstruction we use the jet finding package FastJet [17] and the anti-kT algorithm. We include also the following
tagging and misstagging efficiences. We consider the b-tagging efficiency b = 50% and to account for the probability
that a c-jet is misstagged as a b-jet, we consider c = 14%, whereas for any other jet we use j = 1%.
We now compute the signal significance NS/
√
NS +NB , where NS (NB) are the number of signal (background)
events once the kinematic cuts were applied. We show in Fig. the contour plots of the signal significance as a function
of the HL-LHC luminosity and the CP -odd flavon mass. We use the values for the model parameters shown in the
Table III and consider the two scenarios described above for Z˜tc. We can conclude that scenario (a) would require
an integrated luminosity of the order of 2000 fb−1 to claim evidence of the CP−odd Flavon decay AF → tc for mAF
in the ∼ 300− 400 GeV interval, whereas scenario (b) is more promising as it would require an integrated luminosity
of about 1000 fb−1 (1800 fb−1) for mAF = 200 (500) GeV. By increasing the integrated luminosity by at least 50% a
cross-check could be performed. We can also observe that at the end of the HL-LHC era the AF → tc signal would
reach a significance as large as ∼ 8σ as long the proper kinematic cuts are applied.
V. CONCLUSIONS
We study an extension of the SM with a complex singlet that invokes the Froggatt-Nielsen mechanism with an
Abelian flavor symmetry. Such a model predicts CP -even and CP -odd Flavons that mediate FCNCs at the tree-level
and thus can decay as φ → tc (φ = HF , AF ), which is the focus of our work. We found the region of the parameter
space consistent with the experimental constraints on the Higgs boson coupling modifiers, which is then used to
evaluate the φ→ tc decays along with the pp→ φ→ tc production cross section at the HL-LHC via gluon fusion. It
is found that the detection of the HF → tc decay seems to be troublesome even at the HL-LHC, so we focus on the
study of the AF → tc decay, which seems to be more promising. We present a Monte Carlo analysis of both the signal
pp → AF → tc → b`ν`c + X and the main standard model background, which allow us to assess the possibility that
this decay could be detected. It is found that for the integrated luminosities expected at the end of the LHC era, the
signal of the AF → tc decay is beyond the reach of detection. However, with the advent of the HL-LCH operating
with luminosities in the L ∼ 1000 − 3000 fb−1 interval, it could be possible to detect the AF → tc signal up the
5–8 σ level for a Flavon mass in the range of 200-500 GeV as long as appropriate kinematic cuts are imposed. The
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FIG. 7: Contour plot for the signal significance as a function of the luminosity and the CP−odd flavon mass, mAF , for the
two scenarios described in the text, namely, scenario (a) u = 1 TeV and Z˜tc = 0.3, and scenario (b) u = 2 TeV and Z˜tc = 1.
chances of detecting the signal could get boosted if the tagging and misstagging efficiencies are improved [21]. The
prospect of the HL-LHC [13], which would operate at a center-of-mass energy of 28 TeV and an integrated luminosity
of L = 12000 fb−1, is very promising for the search of new particles such as the Flavons, and so is the potential
construction of a 100 TeV pp collider [7].
Acknowledgments
We acknowledge support from CONACYT (Me´xico). Partial support from VIEP-BUAP is also acknowledge. The
work of M. A. Arroyo-Uren˜a was supported by Conacyt Project 0241408 (Ciencia Ba´sica).
[1] Aaboud M, et al (2018) Search for flavor-changing neutral currents in top quark decays t→ Hc and t→ Hu in multilepton
final states in proton-proton collisions at
√
s = 13 TeV with the ATLAS detector. Phys Rev D98(3):032,002, DOI
10.1103/PhysRevD.98.032002, 1805.03483
[2] Aad G, et al (2012) Observation of a new particle in the search for the Standard Model Higgs boson with the ATLAS
detector at the LHC B716:1–29, DOI 10.1016/j.physletb.2012.08.020, 1207.7214
[3] Altunkaynak B, Hou WS, Kao C, Kohda M, McCoy B (2015) Flavor Changing Heavy Higgs Interactions at the LHC. Phys
Lett B751:135–142, DOI 10.1016/j.physletb.2015.10.024, 1506.00651
[4] Alwall J, Herquet M, Maltoni F, Mattelaer O, Stelzer T (2011) MadGraph 5 : Going Beyond 06:128, DOI 10.1007/
JHEP06(2011)128, 1106.0522
[5] Alwall J, Frederix R, Frixione S, Hirschi V, Maltoni F, Mattelaer O, Shao HS, Stelzer T, Torrielli P, Zaro M (2014) The
automated computation of tree-level and next-to-leading order differential cross sections, and their matching to parton
shower simulations. JHEP 07:079, DOI 10.1007/JHEP07(2014)079, 1405.0301
[6] Apollinari G, Brning O, Nakamoto T, Rossi L (2015) High Luminosity Large Hadron Collider HL-LHC. CERN Yellow
Report (5):1–19, DOI 10.5170/CERN-2015-005.1, 1705.08830
[7] Arkani-Hamed N, Han T, Mangano M, Wang LT (2016) Physics opportunities of a 100 TeV proton-proton collider 652:1–49,
DOI 10.1016/j.physrep.2016.07.004, 1511.06495
[8] Arroyo-Uren˜a MA, Diaz-Cruz JL, Dı´az E, Orduz-Ducuara JA (2016) Flavor violating Higgs signals in the Texturized
Two-Higgs Doublet Model (THDM-Tx) C40(12):123,103, DOI 10.1088/1674-1137/40/12/123103, 1306.2343
[9] Arroyo-Uren˜a MA, Bolan˜os A, Dı´az-Cruz JL, Herna´ndez-Tome´ G, Tavares-Velasco G (2018) Searching for LFV Flavon
decays at hadron colliders 1801.00839
[10] Assamagan KA, Deandrea A, Delsart PA (2003) Search for the lepton flavor violating decay A0 / H0 —¿ tau+- mu-+ at
hadron colliders D67:035,001, DOI 10.1103/PhysRevD.67.035001, hep-ph/0207302
[11] Barradas-Guevara E, Diaz-Cruz JL, Fe´lix-Beltra´n O, Saldana-Salazar UJ (2017) Linking LFV Higgs decays h→ `i`j with
CP violation in multi-scalar models 1706.00054
[12] Bauer M, Schell T, Plehn T (2016) Hunting the Flavon D94(5):056,003, DOI 10.1103/PhysRevD.94.056003, 1603.06950
10
[13] Benedikt M, Zimmermann F (2018) Proton Colliders at the Energy Frontier. Nucl Instrum Meth DOI 10.1016/j.nima.
2018.03.021, 1803.09723
[14] Berger EL, Giddings SB, Wang H, Zhang H (2014) Higgs-flavon mixing and LHC phenomenology in a simplified model of
broken flavor symmetry D90(7):076,004, DOI 10.1103/PhysRevD.90.076004, 1406.6054
[15] Bolan˜os A, Diaz-Cruz JL, Herna´ndez-Tome´ G, Tavares-Velasco G (2016) Has a Higgs-flavon with a 750 GeV mass been
detected at the LHC13? B761:310–317, DOI 10.1016/j.physletb.2016.08.029, 1604.04822
[16] Bonilla C, Sokolowska D, Darvishi N, Diaz-Cruz JL, Krawczyk M (2016) IDMS: Inert Dark Matter Model with a complex
singlet. J Phys G43(6):065,001, DOI 10.1088/0954-3899/43/6/065001, 1412.8730
[17] Cacciari M, Salam GP, Soyez G (2012) FastJet User Manual. Eur Phys J C72:1896, DOI 10.1140/epjc/s10052-012-1896-2,
1111.6097
[18] Chamorro-Solano S, Moyotl A, Pe´rez MA (2018) Lepton flavor changing Higgs Boson decays in a Two Higgs Doublet
Model with a fourth generation of fermions. J Phys G45(7):075,003, DOI 10.1088/1361-6471/aac458, 1707.00100
[19] Chatrchyan S, et al (2012) Observation of a new boson at a mass of 125 GeV with the CMS experiment at the LHC
B716:30–61, DOI 10.1016/j.physletb.2012.08.021, 1207.7235
[20] Collaboration C (2016) Search for Lepton Flavour Violating Decays of the Higgs Boson in the mu-tau final state at 13 TeV
[21] collaboration TA (2014) Calibration of the performance of b-tagging for c and light-flavour jets in the 2012 ATLAS data
[22] Cordero-Cid A, Perez MA, Tavares-Velasco G, Toscano JJ (2004) Effective Lagrangian approach to Higgs-mediated FCNC
top quark decays. Phys Rev D70:074,003, DOI 10.1103/PhysRevD.70.074003, hep-ph/0407127
[23] Cordero-Cid A, Garcia-Luna JL, Ramirez-Zavaleta F, Tavares-Velasco G, Toscano JJ (2006) Rare three-body decay t —¿ c
h gamma in the standard model and the two-Higgs doublet model. J Phys G32:529–546, DOI 10.1088/0954-3899/32/4/010,
hep-ph/0501060
[24] Diaz-Cruz JL, Saldan˜a Salazar UJ (2016) Higgs couplings and new signals from FlavonHiggs mixing effects within multi-
scalar models B913:942–963, DOI 10.1016/j.nuclphysb.2016.10.018, 1405.0990
[25] Diaz-Cruz JL, Toscano JJ (2000) Lepton flavor violating decays of Higgs bosons beyond the standard model D62:116,005,
DOI 10.1103/PhysRevD.62.116005, hep-ph/9910233
[26] Diaz-Cruz JL, Perez MA, Tavares-Velasco G, Toscano JJ (1999) Testing flavor changing neutral currents in the rare top
quark decays t —¿ c V(i) V(j). Phys Rev D60:115,014, DOI 10.1103/PhysRevD.60.115014, hep-ph/9903299
[27] de Favereau J, Delaere C, Demin P, Giammanco A, Lemaitre V, Mertens A, Selvaggi M (2014) DELPHES 3, A modular
framework for fast simulation of a generic collider experiment 02:057, DOI 10.1007/JHEP02(2014)057, 1307.6346
[28] Froggatt CD, Nielsen HB (1979) Hierarchy of Quark Masses, Cabibbo Angles and CP Violation. Nucl Phys B147:277–298,
DOI 10.1016/0550-3213(79)90316-X
[29] Gao J, Guzzi M, Huston J, Lai HL, Li Z, Nadolsky P, Pumplin J, Stump D, Yuan CP (2014) CT10 next-to-next-to-leading
order global analysis of QCD D89(3):033,009, DOI 10.1103/PhysRevD.89.033009, 1302.6246
[30] Gunion JF, Haber HE, Kane GL, Dawson S (2000) The Higgs Hunter’s Guide 80:1–404
[31] Han T, Marfatia D (2001) h —¿ mu tau at hadron colliders 86:1442–1445, DOI 10.1103/PhysRevLett.86.1442, hep-
ph/0008141
[32] Huitu K, Keus V, Koivunen N, Lebedev O (2016) Higgs-flavon mixing and h→ µτ 05:026, DOI 10.1007/JHEP05(2016)026,
1603.06614
[33] Kao C, Cheng HY, Hou WS, Sayre J (2012) Top Decays with Flavor Changing Neutral Higgs Interactions at the LHC.
Phys Lett B716:225–230, DOI 10.1016/j.physletb.2012.08.032, 1112.1707
[34] Khachatryan V, et al (2015) Search for Lepton-Flavour-Violating Decays of the Higgs Boson B749:337–362, DOI 10.1016/
j.physletb.2015.07.053, 1502.07400
[35] Lami A, Roig P (2016) H → ``′ in the simplest little Higgs model D94(5):056,001, DOI 10.1103/PhysRevD.94.056001,
1603.09663
[36] Papaefstathiou A, Tetlalmatzi-Xolocotzi G (2018) Rare top quark decays at a 100 TeV protonproton collider: t → bWZ
and t→ hc. Eur Phys J C78(3):214, DOI 10.1140/epjc/s10052-018-5701-8, 1712.06332
[37] Primulando R, Uttayarat P (2017) Probing Lepton Flavor Violation at the 13 TeV LHC 05:055, DOI 10.1007/JHEP05(2017)
055, 1612.01644
[38] Sirunyan AM, et al (2018) Combined measurements of Higgs boson couplings in proton-proton collisions at
√
s = 13 TeV.
Submitted to: Eur Phys J 1809.10733
[39] Sirunyan AM, et al (2018) Search for the flavor-changing neutral current interactions of the top quark and the Higgs boson
which decays into a pair of b quarks at
√
s = 13 TeV. JHEP 06:102, DOI 10.1007/JHEP06(2018)102, 1712.02399
[40] Sjostrand T, Mrenna S, Skands PZ (2006) PYTHIA 6.4 Physics and Manual 05:026, DOI 10.1088/1126-6708/2006/05/026,
hep-ph/0603175
